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A method has "been developed for demodulating spin-modulated data fro. 
magnetometer sensors mounted on a spinning satellite. This system allows 
direct interpretation- of data .frequencies below > at, and above the spin 
frequency. 

xn sample cia us. —gar he r xn g systems she process 
measuring instrument are normally contained in the 
reference and the measurement s made may he interpreted directly as a me as 
lire of the process. This is net the case vixen the measuring instrument i 
mounted on hoard a spinning platform. The input data to a vector magneto 
eter - mounted on hoard a spinning satellite are modulated hy the spinning. 
Some interpretation of this spin -modulated data is necessary before the 
original process can he clearly understood. 

Since satellite so in frequencies lie within the hand of frequencies 




the spin -modulated data in such a way that no errors are contributed by t 
demodulation technique. A technique has been developed which will allow 
accurate recovery of data measured on a spinning platform for frequencies 
below, at, and above the spin, frequency. 

Heretofore, amplitude demodulators such as the peak detector and the 
synchro dyne techniques have been used. But each of these is limited in 
its ability to pass frequencies equal to, or greater than, the modulation 
frequency which, in data gathered from a / spinning platform, is the spin 
frequency. The simple peak detector consists of a rectifier and filter 
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cycle of carrier and the filter fills in xhe ~a'c let-re.; 






- O — i‘U. 


. 'sf . . L-C-'liC V 


'U-G. i-»-c:.A.e<* if-lS i' < y r T)£ ul C-i-jTCil— 1> depends Gil a mgn legree 02 

separation be tire en the max imun data frequency and the carrier frequency. 

The syaclxrodjme technique shown functionally in Fig. 1 is also fre- 
quency limited. In this system, a reference signal identical in frequency 
no the carrier signal multiplf.es the v ouilaton input to produce tiro side- 
hands at the sum and difference frequencies. The lover sideband of the 
nodulated carrier extends from carrier frequency down to de or 7 ere fre- 

could be recovered up to the carrier frequency, bun: no higher. This imposes 
a basic limitation on the input data. Is must nox have frequency content 
equal to or greater than the carrier frequency. The upper sideband is 
normally rejected ana. data are recovered from the lover sideband only. 

fiie limitations imposed by the simple demodulators discussed above can 
oc eliminated by the use of the nm -phase demodulator shown in Fig. 2. Tie 
directional sensors (vector component sensors in the spin plane) are mounted 




. <J‘ C.*‘w ~>±. . 


on a spinning platform ori 
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90 from the axis of sensitivity of the second vto obtain the x and y com- 
ponents of the measured quantity). A tvo -phase oscillator is locked in both 
frequency and phase to the spinning platform by a sun pulse generator. These 
outputs are sin cot, cos cot. The output from each sensor is then multiplied 
by the two oscillator outputs as shown in Fig. .2 (four multipliers are required 
for tnis operation) . After multiplication the signals are combined in sinning 
amplifiers to produce a measure of the magnitude of the input information 
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produce zne errors normaj-iv encountered in -peak 


Lemo dulat icn , or in synchronous demodulate 
Figure 3 shows the relative positions 
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field and the reference direction. 
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one cuxpuu ci sensor ho. 2: 


“ E(t) sm(cuo “ v 1 ) 


As shown in Fig. 2 we obtain, at the output of multiplier No. 1: 
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liese two terms are then subtracted in amplifier No. 1 (Fig. 


Output No. 1 = H(t)[cos(a)t - 9) sin art] - H(t) [sin(o>t - 9)cos cot] 
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my xne sane process, using nuisipliers 2 and 3, 
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a. s t at ionary p i xtl cri i 
wi.ua one sensor pointed an the reference direction, and the other parpen 
dicuiar to that direction, and foe xvo outxufs 
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a xesx oi xms aemcduiation system eras made^ on an analog computer, 
waveforms were recorded for various inputs corresponding xo magnetic 
a. -end var_amons a « various s imuiax e d spin xrecruencies. 

Figure h shows the output of the two -phase oscillator to identify 
tne carrier frequency m succeeding figures. 'The time scale is the same 
on Pigs, h, 5, o, and 7- Figure 5(a) shows the simulated input E(t) at 
a frequency much below the carrier frequency; Figs. 5(h) and 5(c) show 
the modulated wave as would he produced by satellite spin at a frequency 
i and an arbitrary phase angle c on two sensors at right angles to 
each other; and Figs. 5(d) and 5(e) show the outputs of the demodulator 
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tne two ortnogonal components 
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n\ g; a-o now equa_ to tne carrier irequency. 
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■drift in average valu 
us to a slight phase 


of the two waveforms of Figs. 6(b) 
slip between H(t) and the reference signals. 

Figure 7 shews the same waveform with the input signal of higher 
frequency tnan tue carrier. The modulated waveforms of Fig 
?i,c) wcn^a oe very difficult to interpret without demodulat 
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rue vector components, Ii(t)sin q and l( t ) cos 
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u - u._Lp s -i_nu s o j_ a&l variations ox Hy o ) are snewa, any aroutrary waveform 
wound oe accurately demodulated by this technique. Steady-state values, 
square waves and the like are all possible. Vector readings of magnetic 


meld may thus be made as though the spinning platform 
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a sn gAt variation Ox mie aeuceaixatcr system described above pro- 
vides a carrier type coninunlcations system as sss; in Fin* . 6. this 
figure is much the same as Fig. 2, except that the two sensors on the 
scanning piatiorm are replaced oy a two-pnase me aviator. mis diagram 
shows a data transmission system where the input process is modulated 
and transmitted over three channels and reproduced in a demodulator In 
such a way that frequency content can be transmitted below, at, and above 
the modulation frequencies. Data transmission Channel ho. 1 in the dia- 
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(a) H(t) 



( b) H (t) sin{a)t-<£) 


(c) H { t) cos (cut -<b) 



. - Demo au_a -ion waveforms for periodic inpuc with frequency greater than 

carrier freotxencv* 
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